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In order to investigate production and/or diffusion process 
of high dense plasma like fusion plasma, 3-dimensional spatial 
structures of velocity distribution functions of electrons and 
ions should be clarified in source and downstream regions of 
high-density plasma. 
In this work, measurement of 3-dimensional analysis of 
charged particles velocity distribution functions have been done 
by means of an analyzer with an angular resolution of about 1°. 
We report a performance of the analyzer and experimental 
results of temperature and energy of electrons and ions in a 
Hyper-I device for examining the phenomena of production 
and/or diffusion in the high dense plasma. 
The high angular resolution analyzer 1-2) consists of a 
capillary plate (25mm in outer diameter, L=O.4mm in depth, 
d=lO~m in diameter of hole and 57% in transparency) as its 
first grid, a second grid (100mesh/inch2, tungsten), and a 
collector (stainless steel). The capillary plate was set at floating 
potential to avoid a disturbance to plasma. 
In regard to analysis of ion velocity distribution function 
with analyzer, a trajectory of ions incident to the analyzer 
would be affected by a field of an ion sheath formed in front of 
the capillary plate. Fig.1 shows the ion trajectory in the sheath 
near the plate. The geometrical angle 8c of ions incident to plate 
is about 8,=tan-Je d / L ) =1.4°. An effective incident angle 8l.ff 
of ions is investigated. A condition that ions can pass through 
the plate is as follows , 
(1) 
where E II and E.l are ion energy components of parallel and 
perpendicular to the plate, respectively. V cp and e also denote 
potential difference (sheath potential) between the plate and 
plasma potentials, and electronic charge, respectively. If E J. =0, 
the ion trajectory is strongly affected by the sheath because a 
transit time of ions through the sheath became maximum. Thus, 
this condition satisfies the maximum effective angle of ions 
incident to the plate. If the sheath field is constant ('''-'' ~p / z,), 
the transit time 1: of ions at E.L =0 is as follows, 
(2) 
where z~ and m are a sheath thickness and ion mass, 
respectively. A distance d ' that ions move parallel to the plate 
in this time is expressed as below, 
(3) 
(E i 1/ e ~p) 1/2 is the tangent of the incident angle of the ion to 
the plate and can be set to be equal to tan 8c , 
tan 8 efJ = ( d + d' ) / ( L + z,) = A tan 8c (4) 
where A = (1 + 2z, / L ) / (1 + zJ Since 1 < A < 2, 
tan 8eff < 2 tan 8c • (5) 
Thus, the effective angle 8eff is below 2 8c (""-'2.8°) if E 1 =0. 
With the increase in E.L , the effective angle 8eff approaches the 
geometrical angle 8c because the transit time of ions through 
the plate becomes shorter. The ion velocity distribution 
function is not almost affected by the sheath field. 
On the other hand, measurement of ion temperature was 
done in Hyper-I device by means of the analyzer. The ion 
temperature was estimated from the characteristics of collector 
current Ie and retarding voltage Vg in analyzer. It was found that 
the ion temperatures in Ar gas at the 2mTorr and O.2mTorr 
were 0.5 ""-' I e V and 1.2 ""-' 1.5e V, respectively, while that 
in He gas was 0.4 ""-'0.6e V at 2mTorr. 
The analyzer was tried to detect high energy with the value 
over 100eV of electrons observed by means of a directional 
probe in a downstream region of the device. However, 
observation of high-energy electron was impossible. It will be 
necessary for the analyzer to be compact and keep floating 
potential in future because disturbance of the analyzer to the 
plasma can not negligible. 
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